Mitotic chromosomes of eight populations of six species of Vernonia sensu Baker (Asteraceae, Vernonieae, section Lepidaploa , group Axilliflorae ) were studied to assess the validity of maintaining the genus as proposed currently ( sensu Baker) or of splitting it into several smaller genera ( sensu Robinson). The species were collected in areas of 'cerrado' and 'campo rupestre' in southern and central-western Brazil. The chromosome numbers were 2 n = 20-40 and karyotypic analysis showed a predominance of metacentric chromosomes, with some submetacentrics. B chromosomes were seen in one population of V. geminata . The chromosomes varied in length from 0.9 to 4.6 µ m, with a total chromatin length of 29.7-45.0 µ m and a symmetry index of 41.2-46.9%. The intrachromosomal asymmetry index varied from 0.13 to 0.29, and the interchromosomal asymmetry index varied from 0.15 to 0.21. The dispersion diagram showed that population 1 of V. geminata had the most asymmetrical karyotype. These results do not provide sufficient evidence for a conclusive cytotaxonomic discussion of Vernonia , mainly because of the impossibility of associating any infrageneric group with specific karyotypic characters, and also because of the small number of species analysed so far.
INTRODUCTION
The genus Vernonia Schreb. (Asteraceae, tribe Vernonieae) is distributed throughout the tropical regions of Asia, Africa, and the Americas (Jones, 1977; Dematteis & Fernández, 2000) . There are approximately 350-400 species in South America, with the greatest concentration occurring in south-east Brazil, northern Argentina, Bolivia, and Paraguay (Dematteis & Fernández, 2000) . Taxonomically, the genus is one of the most complex of the Asteraceae (Dematteis & Fernández, 1998) because of the extreme diversity of its biological forms (Stutts, 1988) , which range from small herbaceous plants to large trees. Numerous studies have addressed the taxonomy of this genus (Cabrera, 1944; Jones, 1979a Jones, , 1981 Jones, , 1982 Stutts, 1981 Stutts, , 1988 Robinson, 1987a Robinson, , b, c, 1988a Robinson, , b, c, 1990a Robinson, , b, 1992a Robinson, , b, 1993a Robinson, , b, 1994 Robinson, , 1996 Robinson, , 1999a , but the conclusions remain contradictory.
According to the traditional classification by Baker (1873), most South American species of Vernonia belong to the section Lepidaploa (Cass.) DC. Other sections also occur in South America, including Critoniopsis (Schultz-Bip.) Baker, Hololepis (DC.) Baker, Stenocephalum (Schultz-Bip.) Baker, Trianthaea Baker (Baker, 1873), Eremosis (DC.) Benth. & Hook. (Jones, 1973) , and Leiboldia (Schlecht.) Benth. & Hook. (Jones, 1979a) . The section Lepidaploa sensu Baker (1873) is divided into six groups: Axilliflorae , Glomeratae , Macrocephalae , Oligocephalae , Paniculatae , and Scorpioideae . The group Axilliflorae is characterized by seriate-cymose inflorescences (Dematteis, 2002) and contains more than 110 neotropical species distributed from Mexico to northern Argentina (Robinson, 1990a, b; Dematteis & Fernández, 2000) .
In a recent re-classification, Robinson (1987a Robinson ( , b, 1988a Robinson ( , 1990a Robinson ( , b, 1999a transferred some New World species of Vernonieae to 22 genera and restricted Vernonia to North America, basing his conclusions on certain morphological characteristics, chromosome number and pollen type. The transfer of species to other genera, excluding Hololepis DC. and Minasia H. Rob, has not been accepted by other authors. Hind (1993) considered that raising the section Lepidaploa to generic level was premature and did not resolve the taxonomic problems of Vernonia . According to Keeley & Turner (1990) and Robinson (1999a) , the taxonomic positions of some species of Vernonieae remain doubtful and additional cytological, chemical, and morphological data are required to solve this problem.
There have been few cytological studies of the genus Vernonia sensu Baker, with the chromosome number being known for less than 20% of its species. The numbers for Vernonia species vary from 2 n = 18 to 2 n = 160 (Darlington & Wylie, 1955; Bolkhoviskikh et al ., 1969; Moore, 1973 Moore, , 1974 Moore, , 1977 Goldblatt, 1981 Goldblatt, , 1984 Goldblatt, , 1985 Goldblatt, , 1988 Goldblatt & Johnson, 1990 , 1991 , 1996 , 1998 . There are few records of chromosome numbers for the species of the group Axilliflorae , with numbers varying from 2 n = 28 in V. remotiflora (Dematteis, 2002) to 120 in V. trinitatis (Keeley, 1978) . The counts in this group (Keeley, 1978; Jones, 1979a; Dematteis, 1998 Dematteis, , 2002 indicate four basic numbers, with the most frequent being x = 16, although species with x = 14, 15, and 17 also occur. These basic numbers are frequently mentioned in literature citations for New World Vernonia , although x = 10, 14, 15, 16, 17, 19 , and 31 also occur (Turner, 1981; Ruas et al ., 1991; Dematteis, 1998) . B chromosomes have been reported in some species of Vernonia (Jones, 1979b; Galiano & Hunziker, 1987; Dematteis, 1997 Dematteis, , 1998 and in other Asteraceae, including Mikania (Maffei, MarinMorales & Ruas, 1999; Ruas et al ., 2000) , Crepis capillaris (Whitehouse et al ., 1981) , and Calycademia panciflora (Carr & Carr, 1982) .
In this work, we undertook a cytotaxonomic analysis of several species of Vernonia (section Lepidaploa , group Axilliflorae ) in order to determine whether the species in this genus form a coherent taxon ( sensu Baker), or whether they should be split and redistributed amongst various genera ( sensu Robinson). The chromosome numbers and karyotypes were determined by conventional techniques that allowed an assessment to be made of the relationship between the chromosomal characters and the taxonomic position of a given species.
MATERIAL AND METHODS
Eight populations representing six species of Vernonia (group Axilliflorae ) occurring in 'cerrado' and 'campo rupestre' in south-eastern and central-western Brazil were studied. Voucher specimens of all of the species studied were deposited in the herbarium at the Universidade Estadual de Campinas (UEC) ( Table 1 ). The species were identified according to Bentham (1873) , Bentham & Hooker (1873), and Baker (1873) .
For mitotic analysis, the root tips of newly germinated seeds were pretreated with 0.002 M 8-hydroxyquinoline solution for 5 h at 14-15 ° C, after which the root tips were fixed in Farmer solution (ethanolacetic acid, 3 : 1, v/v) for 24 h and then transferred to 70% alcohol and stored in a freezer. Cytological preparations were obtained using the Giemsa technique (Guerra, 1983) . Chromosome numbers were based on counts from an average of 20 cells per species or population.
Karyotypes were prepared by drawing the chromosomes using a camera lucida, after which the chromosomes were measured with digital calipers. The mean measurements of each chromosome pair, including the size, centromere position, and secondary constrictions, were based on ten cells per species or population. The nomenclature adopted for chromosome morphology was that of Guerra (1986) . Ideograms were prepared by arranging the chromosomes on the basis of their morphology and size, according to Dematteis (1998) and Dematteis & Fernández (1998) , who previously described the karyotypes of species of the tribe Vernonieae. Detection of the chromosomal differences was better using this ideogram arrangement (Dematteis, 1998) . Additional karyotypic parameters that were measured included the total chromatin length and the centromeric index, according to Guerra (1988) , and the asymmetry index (Huziwara, 1962) . The intrachromosomal (A 1 ) and interchromosomal (A 2 ) asymmetry indices were calculated according to Romero Zarco (1986) .
The chromosome preparations were photographed using Agfa Pan ISO 25 film.
RESULTS
Four chromosome numbers (2 n = 20, 30, 32, and 40) were seen in the six species of Vernonia studied (Table 2 ; Figs 1-13). In addition to the 20 normal chromosomes, population 2 of V. geminata also contained small structures considered to be B chromosomes, the number of which varied from 0 to 6 amongst the cells of a given individual (Figs 8-13 ).
The karyotype formulae and ideograms for V. adamantium , V. geminata , V. fruticulosa , V. chamissonis , V. cotoneaster , and two populations of V. remotiflora (Table 3 ; Fig. 14) differed from each other. Most of the species had metacentric and submetacentric chromosomes, with metacentrics in the majority; V. cotoneaster had only metacentric chromosomes.
The chromosome length varied from 0.9 to 4.6 µm, with a total chromatin length of 29.7-45 µm and a karyotypic symmetry of 41.2-46.9% (Table 2) . A 1 varied from 0.13 to 0.29 and A 2 varied from 0.15 to 0.21 ( Table 2 ). The dispersion diagram showed that population 1 of V. geminata had the most asymmetrical karyotype (Fig. 15 ).
DISCUSSION
Numerous reports have shown that the chromosome number in Vernonia ranges from 2n = 18 to 2n = 160 (Darlington & Wylie, 1955; Bolkhoviskikh et al., 1969; Moore, 1973 Moore, , 1974 Moore, , 1977 Goldblatt, 1981 Goldblatt, , 1984 Goldblatt, , 1985 Goldblatt, , 1988 Goldblatt & Johnson, 1990 , 1991 , 1996 , 1998 , 
Centromeric position: m, metacentric; sm, submetacentric. Chromosome length: A, 3.6-4.6 µm; B, 2.6-3.5 µm; C, 1.6-2.5 µm; D, 0.9-1.5 µm.
Figures 1-7. Mitotic chromosomes of Vernonia species belonging to the group Axilliflorae. Fig. 1 . V. adamantium (2n = 40). Fig. 2 . V. chamissonis (2n = 30). Fig. 3 . V. cotoneaster (2n = 32). Fig. 4 . V. fruticulosa (2n = 32). Fig. 5 . V. geminata population 1 (2n = 20). Fig. 6 . V. remotiflora population 1 (2n = 32). Fig. 7 . V. remotiflora population 2 (2n = 32). Scale bar, 10 µm. Keeley, 1978) , V. sericea (n = 17, Keeley, 1978) , and V. remotiflora (2n = 28, Dematteis, 2002). Some of the numbers found in the present study did not agree with previous reports. Thus, V. cotoneaster and two populations of V. remotiflora showed 2n = 32, whereas Dematteis (1998 Dematteis ( , 2002 reported 2n = 30 for V. cotoneaster and 2n = 28 for V. remotiflora. In contrast, the number for V. fruticulosa (2n = 32) seen here agreed with that of n = 16 reported by Dematteis (1998). The numbers for V. adamantium (2n = 40), V. geminata (2n = 20 and 20 + 0-6Bs), and V. chamissonis (2n = 30) are described here for the first time. Variation in chromosome number was observed in V. geminata, with up to six B chromosomes (2n = 20 + 0-6B) occurring in cells of one of the two populations studied (population 2) (Figs 8-13 ). These extra chromosomes occur in some species of plants, including Vernonia (Jones, 1979b; Galiano & Hunziker, 1987; Dematteis, 1997 Dematteis, , 1998 ) and other Asteraceae, such as Mikania (Maffei et al., 1999; Ruas et al., 2000) , Crepis capillaris (Whitehouse et al. (1981) , and Calycademia panciflora (Carr & Carr, 1982) . B chromosomes are generally heterochromatic, small, and very variable in number between individuals (Guerra, 1988) . Their presence in this species requires confirmation, particularly in view of their (Guerra, 1988; Jones, 1995) . In maize, B chromosomes can form chiasmata and recombine among themselves, even though they are not homologous with chromosomes of the normal complement (Jones & Rees, 1982) . On the basis of studies in other taxonomic groups, Camacho, Sharbel & Beukeboom (2000) have shown that B chromosomes can be derived from A chromosomes or sex chromosomes.
According to Jones (1979b) and Ruas et al. (1991) , the New World Vernonieae show greater diversity in their chromosome numbers and a higher ratio of polyploid species than do Old World species. Jones (1979b) considered x = 17 to be the basic number for New World Vernonia species, with x = 16 being uncommon. However, as shown here and elsewhere (Ruas et al., 1991; Dematteis, 1998; Dematteis & Fernández, 2000) , numbers that are multiples of 16 are relatively frequent in South American species of Vernonia. Keeley (1978) , Jones (1979b ), and Dematteis (1998 , 2002 stated that the group Axilliflorae contained four basic chromosome numbers, with the most frequent being x = 16, although x = 14, 15, and 17 also occurred. In the present work, most of the numbers agreed with the basic numbers defined for this group, except for V. adamantium (2n = 40) and V. geminata (2n = 20, 20 + 0-6B).
The chromosomal analysis showed that, although the species differed in their chromosome number and total chromatin length, they had similar chromosomal morphology and asymmetry indices (Tables 2 and 3 ). According to Dematteis & Fernández (2000) , V. polyphylla has the largest chromosomes (length, 1.12-2.69 µm) of the species included in the group Axilliflorae. However, we observed a greater range of chromosome size (0.9-4.6 µm) than that reported by Dematteis & Fernández (2000) , with V. geminata having the largest chromosomes (Figs 5, (8) (9) (10) (11) (12) (13) . V. adamantium had the greatest total chromatin length (45 µm) and the highest chromosome number (2n = 40). The species with the smallest total chromatin length (29.7 µm) was V. fruticulosa (2n = 32), which also had the smallest chromosomes (1-2.5 µm).
According to Ruas et al. (1991) , Dematteis (1996 Dematteis ( , 1997 , and Dematteis & Fernández (1998), more primitive species (x = 10 and 17) have larger chromosomes (1.9-2 µm), whereas more derived species (x = 14 and 15) have smaller chromosomes (1.3-1.4 µm). Our findings partly agreed with those of Dematteis & Fernán-dez (1998): V. chamissonis (2n = 30) had the smallest chromosomes (0.9-2.2 µm), whereas V. geminata (2n = 20, 20 + 0-6B) had the largest (2-4.6 µm). V. adamantium, with 2n = 40, also had relatively large chromosomes (1.5-3.3 µm), whereas the other species, with 2n = 32 (V. cotoneaster, V. remotiflora, and V. fruticulosa), had chromosomes of intermediate size.
Most of the species analysed had metacentric and submetacentric chromosomes, but in different ratios. The exception was V. cotoneaster, which had 16 metacentric pairs (Table 3 ). The submetacentrics were the smallest chromosomes (C and/or D), except in V. geminata (A and B chromosomes) and V. adamantium (B chromosomes) ( Table 3 ). The predominance of metacentrics relative to submetacentrics agreed with previous reports for the tribe Vernonieae (Ruas et al., 1991; Dematteis, 1996 Dematteis, , 1998 Dematteis & Fernández, 1998 , 2000 . Dematteis & Fernández (2000) reported that three species, V. aurea, V. chalybae, and V. polyphylla, belonging to group Axilliflorae, had metacentric and submetacentric chromosomes, and that V. polyphylla also had two pairs of subtelocentric chromosomes.
The karyotypic symmetry in Vernonia was of the moderate type (Ruas et al., 1991) , because of the prevalence of metacentric chromosomes and the lack of marked differences between the smallest and largest chromosomes. The asymmetry indices obtained (from 41.2% in V. geminata to 46.9% in V. remotiflora) were similar to those reported by Ruas et al. (1991) and Dematteis & Fernández (2000) for other species of the group Axilliflorae (V. chalybae, V. aurea, and V. polyphylla). The maximum possible symmetry would correspond to a value of 50% (Lombello & ForniMartins, 1998) . A 1 and A 2 , used preferentially when chromosomes are similar in size and morphology, differed little between the karyotypes of the species analysed (Table 2 ; Fig. 15 ): A 1 = 0.13-0.29 and A 2 = 0.15-0.21. The species with the most asymmetrical karyotype was V. geminata population 1, which had the largest values for A 1 (0.29) and A 2 (0.21) (Fig. 15) . These results agreed with those obtained for the asymmetry index, and were very similar to those reported by Dematteis & Fernández, 2000) for species of the group Axilliflorae, with V. polyphylla having the most asymmetrical karyotype (A 1 and A 2 of 0.285 and 0.210, respectively).
Despite the standardized procedures used to prepare the chromosomes, we observed differences in the karyotype between the two populations of V. remotiflora analysed here (Table 2) . Population 1 had two submetacentric pairs instead of the single pair seen in population 2. This difference in the ratio of metacentric and submetacentric chromosomes could indicate the presence of different cytotypes, or could result from technical procedures that affect the degree of chromosome condensation. Slight variations in the technical procedures used can modify the chromosome arm ratios and, consequently, the centromeric index. A centromeric index that is borderline between two chromosome types can be difficult to interpret. For example, the 15th pair of V. remotiflora population 2 had a centromeric index of 39.8, and was therefore classified as submetacentric, although, according to Guerra (1988) , values above 40.1 are indicative of metacentrics. Small chromosomes are also difficult to measure accurately to determine the centromeric index (Guerra, 1988) , which could partly explain the difference between the two populations of V. remotiflora. The karyotype formula, total chromatin length, asymmetry index, and A 1 /A 2 (Table 3 ; Fig. 15 ) were very similar in this species, thus confirming the karyotypic similarity between the two populations.
The cytotaxonomic analysis described above is still insufficient to support the taxonomic proposal of maintaining all of the species in the genus Vernonia (sensu Baker, 1873) or their transfer to some of the 22 smaller genera (sensu Robinson, 1987a Robinson, , 1988a Robinson, , b, 1999a . With the data obtained here, it was impossible to associate karyotypic characters with any infrageneric group, a situation that may have resulted partly from the small number of species analysed.
Nevertheless, some karyotypic differentiation was seen in the two species with x = 10, i.e. V. geminata (2n = 20) and V. adamantium (2n = 40). Apart from having an atypical basic chromosome number for the group Axilliflorae, these two species were distinguished by their generally larger chromosomes that were predominantly large metacentrics. The basic number of x = 10 is characteristic of the group Oligocephalae, as pointed out by Dematteis (2002) . This author suggested that two species from Argentina, V. lithospermifolia Hieron. and V. verbascifolia Less., which have chromosome numbers that are multiples of ten (Dematteis, 1998) and are traditionally placed in the group Macrocephalae, could be transferred to the group Oligocephalae based on the similarity of their chromosome number and pollen morphology to those of species in this group. As shown here, additional complementary morphological and taxonomic studies are required before V. geminata and V. adamantium can be classified satisfactorily in an appropriate group.
Of the species with a basic chromosome number characteristic of the group Axilliflorae, it may be assumed that those with a diploid number (2n = 2x = 28, 30, 32, and 36) would group in the genus Lepidaploa sensu Robinson (1999a) , whereas those with polyploidy, based on x = 17, would group in the genus Lessingianthus, e.g. V. polyphylla (2n = 4x = 64; Ruas et al., 1991; Dematteis, 2002) and V. glabrata (2n = 3x = 51 or 2n = c. 4x = 67-68; Jones, 1979b) . However, this relationship is unlikely to be true, as V. trinitatis, which has the highest known chromosome number in the group Axilliflorae (2n = 6x = 102) (Keeley, 1978) , was retained by Robinson (1999a) in Lepidaploa, precisely the genus containing the species with the lowest chromosome numbers.
